sphere activity recorded at the chronic stage in neuro-(Blumstein, 1995). Left IFG contains multiple separate imaging studies is truly compensatory, merely reflects functional regions that might be partially specialized for task difficulty or effort, or is just epiphenomenal. Some these different functions (Buckner et al., 1995b; Pol- have suggested that right hemisphere activity is dysdrack et al., 1999). functional and maladaptive (Belin et al., 1996; Karbe et al., 1998) . This is a tricky problem because overall differences in task performance are always present be- to explain differences in the pattern of brain activation. Under the hypothesis that the right IFG is compensatand behavior simultaneously.
We tackled this problem by hypothesizing that if the ing for processes carried out in left IFG, we predicted that subjects with left IFG damage should still improve right IFG is part of a compensatory system after left frontal damage, then it should manifest physiological their performance and that, correspondingly, activity in right IFG should show physiological response decremodulations of activity analogous to those observed in the left IFG of the intact brain. When control subjects ments with practice. Conversely, if right IFG activity is not compensatory, then subjects might not be able to are repeatedly exposed to the same list of word stems and asked to generate a word in response to each stem, learn the task or learn it but show response decrements elsewhere in the brain. vocal reaction times speed up over list repetitions and selection of words become more stereotypical. These A second important issue addressed by this study is the functional interaction between frontal cortex and behavioral changes are accompanied by functional re- (Figure 1 ) participated in the study. All patients were initially severely aphasic, but 46% of the trials at the beginning of learning (block 2 versus 1) and on 64% of the trials at the end of practice had recovered to a mild-to-moderate Broca's or anomic aphasia at the time of the experiment based on a stan-(block 7 versus 6). Controls generated the same words on 65.5% (block 2 versus 1) and on 85.5% (block 7 dardized language assessment. All patients were impaired on measures of verbal fluency and word generaversus 6) of the trials, respectively. Finally, learning was item specific because performance returned to baseline tion ( Table 1) .
The study consisted of two parts, a behavioral and levels when a novel list of word stems was introduced (Figures 2A and 2B ). an fMRI session during which subjects were asked to perform a word stem completion task. Subjects were In functional magnetic resonance imaging (fMRI), subjects silently performed word stem completion during shown 3-letter visual word stems (e.g., "COU") on a computer screen and asked to generate a word beginwhole-brain measurement of blood oxygen level dependent (BOLD) signal. One set of word stems was prening with the same three letters (e.g., "couple") as quickly and accurately as possible. During the behavsented over four consecutive (practice) fMRI runs; novel sets of word stems were presented in four additional ioral session subjects practiced the word stem completion on the same 40 stimuli list of word stems for seven runs ( Figures 2C and 2D and 5B). These findings were conx, y, z ϭ Ϫ45, Ϫ1, 40, F(7,140) ϭ 7.90, p Ͻ 0.0001; ventral IFG, x, y, z ϭ Ϫ47, 3, 32, F(7,140) ϭ 7.71, p Ͻ 0.0001; firmed by a voxel-wise ANOVA on group (controls, patients), practice (novel, repeat), and MR frame (1-8). As frontal operculum, x, y, z ϭ Ϫ47, 11, 4, F(7,140) ϭ 7.29, p Ͻ 0.0001) were more active in the control group, in controls, regions near primary visual cortex (e.g. right lingual gyrus) were not modulated by practice. whereas right frontal cortex (middle frontal gyrus, x, y, z ϭ 33, 27, 22, F(7,140) ϭ 8.39 p Ͻ 0.0001; dorsal IFG, Furthermore, in marked contrast to control subjects, no practice-related modulation was observed in the left x, y, z ϭ 51, 1, 34, F(97,140) ϭ 4.17, p Ͻ 0.001; anterior insula/frontal operculum, x, y, z ϭ 27, 9, 14, F(7,140) ϭ fusiform cortex ipsilateral to the lesion, an area that has been consistently associated with word retrieval 4.89, p Ͻ 0.0001; ventral IFG, x, y, z ϭ 41, 17, 18, F(7,140) ϭ 6.00, p Ͻ 0.0001; Precentral, x, y, z ϭ 47, learning and priming for both visual and auditory words (Buckner et al., 2000) . In this region, the magnitude of Ϫ7, 54, F(7,140) ϭ 7.13, p Ͻ 0.0001) was more active in the patient group (Figure 4) . Hence, functional changes the BOLD response was almost twice as strong as in controls, but it was not modulated by practice (compare following left frontal damage include both an increased activation in contralateral frontal cortex and a reduction left fusiform BOLD response in controls and patient, Figures 5A and 5B). Hence, left frontal damage causes of activation in ipsilateral visual cortex.
Practice on word retrieval modulated BOLD reboth a relative deactivation of ipsilateral left dorsal visual cortex and an abnormally high nonselective activation sponses in several cortical areas in both control and aphasic subjects. In control subjects, practice-related of left ventral occipital (fusiform) cortex. It was also possible to image practice-related decredecrements were observed in left prefrontal cortex (dorsal IFG) ( Figure 5A another study, restoration of left temporal activity was found to be inversely correlated with activation in right This latter effect is reminiscent of the effect of frontal lesions on primary auditory and somatosensory evoked temporal cortex (Karbe et al., 1998) . In this study, we found several subjects (P1-P3) with potentials (Knight et al., 1989; Yamaguchi and Knight, 1990) . These electrical potentials are abnormally high in small lesions and evidence of perilesional activation near the left frontal stroke. These patients had the highsensory cortices in the presence of ipsilateral frontal damage and may reflect the loss of a frontal inhibitory est overall performance on word stem completion. In our previous study, we also found that two patients with gating mechanism.
Also, practice-related modulations in visual cortex the best language recovery and performance on word retrieval also had the smallest lesions and activated cannot be explained by pure perceptual priming due to repeated presentation of the same visual items ( 
